Design introduction
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer type worldwide and accounts of ~350,000 deaths per year. 1, 2 Risk factors such as tobacco, alcohol use, and more recently human papillomavirus (HPV) have been identified as etiologies for the development of HNSCC. Despite advances in the treatment of localized HNSCC, 15%-50% of patients will develop recurrent disease 3 and these recurrences often account for the majority of deaths in these patients. In addition, increase in HPV-related malignancies, along with improved loco-regional control in many cases, has resulted in a surge of patients with distant metastatic disease, which was relatively uncommon decades ago.
In the recurrent/metastatic setting, historically platinum-based cytotoxic chemotherapy, with or without epidermal growth factor receptor (EGFR) inhibition, remains standard of care in the first-line setting. Despite high rates of toxicity (70%-80% grade 3-4 adverse events [AEs]), response rates are in the range of 20%-36% and median survival is between 6 and 10 months. 4 Among platinum ineligible patients, or in those with progression after platinum therapy, single-agent cytotoxics or singleagent EGFR therapy, including EGFR tyrosine kinase-inhibiting drugs and monoclonal antibodies targeting the receptor, has been extensively studied with minimal responses and no significant survival advantage. 5, 6 In many instances, patients have previously
Regulation of T-cell responses can be augmented further by OX40 or 4-1BB or downregulated by programmed death-1 (PD-1) or cytotoxic T-lymphocyte antigen-4 (CTLA-4).
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Once the effector T cells are fully activated, they can be directed toward tumor cells leading to cell death.
immune escape and immune suppression in HNSCC
Immune surveillance, which was first described years ago, identified that premalignant cells can be recognized and removed by the immune system through the mechanisms described earlier. 12 The important relationship between an intact immune system and oncogenesis is evident by the increased incidence of malignancies in immunocompromised patients. 13, 14 For example, HNSCC has been reported to occur more frequently in those who have a renal or bone marrow transplant as well as HIV patients. 13, 14 The vast majority of patients who develop HNSCC are immunocompetent, yet tumors have been able to proliferate and metastasize by creating mechanisms to evade the immune system.
An effective immune response hinges on a system of signals that includes TAAs being presented to APCs, activation of co-stimulatory and co-inhibitory signals, and immune activating cytokines. This system can get hijacked in solid tumors, including HNSCC resulting in ineffective TAA presentation, impaired tumor cell eradication, and creation of an unwelcoming tumor microenvironment (TME). This makes it challenging for immune cells, including T cells to remain active and penetrate tumor tissue effectively, all of which contribute to tumor growth and metastasis.
Human leukocyte antigen (HLA) plays a critical role in activating both T cells and NK cells, which in turn results in tumor cell eradication. 15 Altering this interaction is an important immune escape mechanism for malignancies. 16, 17 Abnormal expression and function of HLA machinery leads to impaired antigen processing and presentation and has been reported in up to 20% of HNSCC patients correlating with lymph node metastasis and poor prognosis. 18, 19 Furthermore, EGFR expression, which occurs in 80% of HNSCC, may also play a role in reducing HLA expression through mitogenactivated protein kinase (MAPK) and phosphatidyl inositol 3-kinase/protein kinase B (PI3K/AKT) pathways. 20 The TME in HNSCC is integral in escaping immune surveillance and promoting an immunosuppressive environment as it contains a large number of Tregs and myeloidderived suppressor cells (MDSCs). Tregs are derived from improperly activated T cells, and MDSCs originate from myeloid cells. 21 Tregs produce immune checkpoint receptors including CTLA-4, TIM-3, and PD-L1 and express transforming growth factor-beta (TGF-β), all of which contribute to T-cell tolerance and exhaustion. 22 MDSCs secrete inflammatory mediators including IL-1, IL-6, reactive oxygen species, and inducible nitric oxide synthase suppressing APC mechanisms. 21 In HNSCC MDSCs can deactivate T-cell responses by upregulating PD-L1 expression, releasing TGF-β, as well as increasing arginase-1 activity through STAT3 production. 23, 24 In addition to immune escape mechanisms, HNSCC is an immunosuppressive disease. HNSCC patients have Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
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Profile of pembrolizumab in the treatment of HNSCC lower absolute lymphocyte counts, 25 impaired NK cell production, 26 and can also produce TGF-β, IL-10, or vascular endothelial growth factor (VEGF) that further contributes to impaired immune responses. 27, 28 Altered penetration of tumor-infiltrating T lymphocytes has also been reported in HNSCC and other malignancies. 29 Immune checkpoint pathways in HNSCC Checkpoint receptors are the immune system's counter mechanism to thwart excessive immune system activation and prevent autoimmune diseases, and this process is known as adaptive immune system resistance. PD-1 and CTLA-4 are two of the most well studied coinhibitory checkpoint receptors, and their overexpression in malignancies has been recognized as a key pathway in escaping immune surveillance. Other costimulatory and coinhibitory checkpoint signals have been identified as well. LAG3, TIM3, and killer immunoglobulin-like receptor (KIR) are coinhibitory signals and when expressed lead to T-cell apoptosis, preventing appropriate T-cell-directed cell death. 11, 30 Costimulatory signals including CD137, OX40, and CD40L are important in directing appropriate T-cell responses, and their decreased expression on T cells has been reported in HNSCC specimens and appears to have a correlation with worse outcomes.
11,31
CTLA-4 checkpoint receptor CTLA-4 receptor is primarily found in T lymphocytes and binds to B7 in APCs in response to T-cell receptor activation. 32, 33 While CTLA-4 does engage with CD8 + cytotoxic T cells, it does so in a transient manner 34 whereas it is highly expressed on CD4
+ Tregs, and this is the driving mechanism in dampening down T-cell-mediated immune responses. 35, 36 Furthermore, CTLA-4 expression can lead to B7 ligand degradation via endocytosis further hampering the activation of T cells. 37, 38 Preclinical work has revealed that blocking CTLA-4 activity in tumors led to delayed tumor growth and restoration of antitumor immunity. 39 This has resulted in the development of two monoclonal antibodies directed against CTLA-4, ipilimumab, and tremelimumab. Ipilimumab has been approved by the US Food and Drug Association (FDA) as a single agent in melanoma, 40 and there are currently a number of trials underway utilizing these drugs in combination with other immune-modulating drugs or cytotoxic therapies. 41 
PD-1 checkpoint receptor
PD-1 is typically upregulated in activated lymphocytes including T cells, B cells, monocytes, and NK cells and binds to PD-L1 and PD-L2 ligands. 42 Many cells broadly express PD-L1 including hematopoietic cells, pancreatic islet cells, endothelial cells, and epithelial cells, and this increased expression confers protection from immune-mediated injury. 43, 44 PD-L2 expression, however, is restricted to APCs and can effectively curb activated T-cell responses in the setting of inflammation. 45 PD-L1 and PD-L2 expressions are initiated by inflammatory cytokines including INF-γ, tumor necrosis factor-alpha (TNF-α), IL-4, and granulocyte macrophage colony-stimulating factor (GM-CSF). 44, 46 Once PD-1 binds to PD-L1 or PD-L2, the immune system activation is effectively turned off by decreasing Th1 cytokines' secretion, inhibiting T-cell proliferation and preventing CTL-induced cell death. 47, 48 This pathway, however, is co-opted in pathological states such as infections and malignancies. For example, the TME employs proinflammatory cytokines such as INF-γ to induce PD-L1 expression. 49 In addition, tumor cells have developed intrinsic mechanisms such as PI3K-AKT and JAK/STAT pathways to upregulate PD-L1 expression on their cell surfaces. 50, 51 As a result of PD-L1 overexpression, tumorspecific T cells cannot be activated to mount an effective response and, therefore, enter the state of T-cell exhaustion.
Degree of expression of PD-L1 appears to correlate with tumor grade in various tumors including gastric, ovarian, lung, and renal cancers and can be expressed on both primary and metastatic sites. [52] [53] [54] [55] Approximately two-thirds of patients with HNSCC have some degree of PD-L1 expression. 56, 57 Expression of PD-L1 in HNSCC is induced by NK cells through INF-γ secretion 50 but can also be increased by both chemotherapy and radiation therapy with tumor cells displaying upregulation of PD-1 for up to 1 year after treatment. [57] [58] [59] Since many tumors make up the spectrum of HNSCC, the prognostic significance of PD-L1 within anatomical subsites, as well as its significance in the context of HPV status remains unclear. In addition, the wide-ranging cutoff points used in assessing PD-L1 expression and subjective scoring of PD-L1 on tumor cells further complicate its prognostic value.
Antibody blockade of this critical pathway has now emerged as a novel and effective therapeutic strategy in malignancies, and two PD-1 inhibitors, pembrolizumab and nivolumab, are FDA approved in a number of malignancies, including HNSCC.
Development
Drug structure, pharmacokinetics (PK), and dosing
Pembrolizumab is a humanized monoclonal IgG4 kappa isotype anti-PD-1 antibody that hinders binding of PD-1 with its ligand PD-L1, allowing re-initiation of tumor-specific T-cell responses.
Based on analysis from the pooled data of the KEYNOTE-001, -002, and -006 studies of patients with advanced melanoma, non-small-cell lung cancer (NSCLC), and other solid tumor types, the PK properties show that pembrolizumab has low clearance with a small volume of distribution and displays similar PK properties as other therapeutic antibodies. 59 Subsequent pooled analyses of earlier studies have also identified that weight-based dosing of pembrolizumab or a fixed dose resulted in similar distribution, clearance, and PK properties. Similarly, dosing the drug every 14 or 21 days was considered safe and efficacious. The half-life elimination is estimated to be ~23 days with a clearance rate of 0.22 L/day, which is not affected by age or gender. Furthermore, fixed dose regimens every 21 days provide advantages in terms of safety, convenience, and adherence. 60 
Pembrolizumab landmark studies
Melanoma
Pembrolizumab (formerly MK-3475) was evaluated in a Phase I trial, and it was administered intravenously at a dose of either 10 mg/kg of body weight every 2 or 3 weeks or 2 mg/kg every 3 weeks in patients with advanced melanoma and included those who had received previous treatment with a CTLA-4 inhibitor ipilimumab and those who had no prior treatment. 61 The analysis showed a 38% overall response rate (ORR) (95% confidence interval [CI], [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] , with the highest confirmed response rate observed in the cohort that received 10 mg/kg every 2 weeks (52%; 95% CI, . This dose, however, was also associated with higher drugrelated AEs. The rates of responses did not vary between those who received ipilimumab previously and those who did not and was 38% (95% CI, and 37% (95% CI, 36-49), respectively. 61 The pivotal KEYNOTE-006 study was a Phase III study that compared two doses of pembrolizumab (10 mg/kg every 3 weeks and 10 mg/kg every 2 weeks) with four doses of ipilimumab (3 mg/kg). 62 Both arms demonstrated statistically significant improvements in progression-free survival (PFS) at 6 months (47% for the 3-week arm, 46% for the 2-week arm, and 26% for ipilimumab arm) with a hazard ratio (HR) of 0.58 (P,0.001). The study also found that overall survival (OS) was improved in both pembrolizumab arms compared to the ipilimumab arm with HR 0.63 in the 2-week arm (95% CI, 0.47-0.83; P,0.001) and 0.69 in the 3-week arm (95% CI, 0.52-0.90; P=0.004). 62 These results led to the approval of pembrolizumab in the treatment of melanoma.
NSCLC
A number of clinical trials have been conducted assessing the efficacy of pembrolizumab in NSCLC. The KEYNOTE-001 trial was a large Phase I study with multiple expansion cohorts and included 495 patients with NSCLC. 63 Patients were assigned to receive pembrolizumab at either 2 or 10 mg/kg every 3 weeks or 10 mg/kg every 2 weeks. The ORR was 19% (95% CI, [14] [15] [16] [17] [18] [19] [20] [21] [22] in previously treated patients (n=394) and 24.8% (95% CI, 16.7-34.3) in treatment-naive patients (n=101). Patients' outcomes were stratified by PD-L1 expression, and the trial noted that those with PD-L1 expression .50% had better PFS in both treatment-naive and platinum failure patients, whereas PFS and OS were shorter in patients with PD-L1 expression either ,1% or 1%-49% respectively. 63 This was followed by KEYNOTE-010 Phase II/III study that compared two different doses of pembrolizumab (2 or 10 mg/kg every 3 weeks) with docetaxel in relapsed refractory NSCLC in patients who had .1% PD-L1 expression. 64 Both arms of pembrolizumab (2 and 10 mg/kg) showed better OS compared to docetaxel (10.4 vs 12.7 vs 8.5 months). Similar to KEYNOTE-001, median OS and PFS were highest among patients with PD-L1 expression .50%.
64 KEYNOTE-024 was a pivotal Phase III trial that compared pembrolizumab with a platinum doublet chemotherapy in first-line treatment for 305 treatment-naive NSCLC patients who had a PD-L1 expression of .50%. 65 Patients were given a fixed dose of 200 mg every 3 weeks and results showed that median PFS was 10.3 months (95% CI, 6.7 to not reached) in the pembrolizumab group vs 6 months (95% CI, 4.2-6.2) in the chemotherapy arm. Estimated OS at 6 months was 80% in the pembrolizumab group vs 72% in the chemotherapy arm with an HR of 0.60 (95% CI, 0.41-0.89, P=0.005). There were also fewer treatmentrelated serious AEs compared to chemotherapy arm (26% vs 53%). Based on these trials, pembrolizumab was approved for patients beyond first-line platinum therapy (for those with a PD-L1 expression of .1%) and in the first-line setting (for those with a PD-L1 expression of .50%).
Place in therapy in head and neck cancers
Patients with relapsed or metastatic HNSCC have poor outcomes with a median OS of 6-10 months. Current frontline standard of care for metastatic HNSCC remains a combination of chemotherapy with a platinum backbone with or without cetuximab. However, duration of disease control is short and progression of after-platinum-based therapy is associated with dismal outcomes in a generally frail patient population with disease-and treatment-related comorbidities. 
Nivolumab trial in HNSCC
Nivolumab another PD-1 inhibitor is the only checkpoint inhibitor to demonstrate improved outcomes in metastatic HNSCC. CheckMate-141 was a large Phase III trial comparing nivolumab with single-agent chemotherapy in patients with HNSCC (oral cavity, larynx, and pharynx) progressing within 6 months after platinum therapy. 57 The trial demonstrated a significantly improved OS in patients treated with nivolumab (7.5 vs 5.5 months) with an HR of 0.70, and 1-year survival rates were higher in the nivolumab group than in the chemotherapy group (36.6% vs 16.6%). There was no difference in PFS between the two arms, 2 months in the nivolumab group vs 2.3 months, but the study did report a late break in the survival curves. At the time of publication, 19.7% of patients in the nivolumab group had no disease progression at 6 months vs 9.9% of patients in the chemotherapy arm. The ORR was 13% including six complete responses vs 5.8% in the chemotherapy group, and the median time to response was 2 months in both arms. More importantly, responses were durable in the nivolumab group in comparison to the chemotherapy arm. Nivolumab also had lower AE rates; all grade AE rates were 59% in the nivolumab arm vs 77% in the chemotherapy arm, and grade 3 or 4 AEs were 13% in the nivolumab group vs 35% in the chemotherapy arm. These survival rates in combination with its tolerability were very encouraging, particularly considering the patient selection criteria (pretreated and progressed shortly after platinum) in comparison to historical studies. Based on these data, the FDA approved nivolumab in HNSCC progressing after platinum therapy.
Pembrolizumab trials in cancers arising from the head and neck region KEYNOTE-012 was a multicenter open-label Phase Ib study that included 60 patients with HNSCC with a PDL-1 level of $1% on tumor cells or stroma by immunohistochemistry (IHC). 59 This study, unlike CheckMate-141, did not mandate rapid progression within 6 months postplatinum exposure. Patients had a higher rate of HPV-positive disease (38%) in comparison to CheckMate-141, 82% were male and 85% had received at least one prior therapy. All patients were treated with pembrolizumab 10 mg/kg every 2 weeks. Toxicity was manageable, with a grade 3 or 4 AE rate of 17%, which included an increase in aspartate aminotransferase and alanine aminotransferase, hyponatremia, and drug-related rash. Twenty-seven of the 60 patients (45%) experienced a serious adverse effect, but no drug-related deaths were reported. The ORR was 18% with a 25% ORR in HPVpositive patients and a 14% ORR in HPV-negative patients. 59 Similar to CheckMate-141, the median time to response was 2 months, the median duration of response was 53 weeks (13 to not reached), and eight of the 45 evaluable patients had ongoing responses at time of publication.
This was followed by an expansion cohort of the KEYNOTE-012 study and included 132 patients with relapsed/recurrent HNSCC who were given a fixed dose of pembrolizumab at 200 mg. 60 The expansion cohort did not require patients to have a PD-L1 expression of at least 1%. In this study, 83% of patients were males and 56% had at least $2 lines of therapy. The trial demonstrated an objective response rate of 18.2% in this 132 patient cohort (99 evaluable) with 18 partial responses, and .30% had stable disease. The median time to response was 2-11 months, and median duration of response was not reached. The PFS and OS at 6 months were 23 and 59%, respectively. Drug-related adverse effects were noted in 47% of patients, with grade $3 in 9%. Most common AEs of any grade were fatigue (21%), hypothyroidism (11%), loss of appetite (7%), and nausea (5%). When stratified by HPV status, there were higher response rates seen in the HPV-positive group vs HPVnegative group (32% vs 14%, respectively). The median OS in this trial was 13 months, which was similar to the reported OS of 10.1 months in the EXTREME trial. 4 Based on these results, FDA granted accelerated approval for the use of pembrolizumab in recurrent or metastatic HNSCC with disease progression on or after platinum-based therapy.
Biomarker evaluation of the expanded cohort of KEYNOTE-012 was also conducted. Interestingly, this trial showed that while PD-L1 on tumor cells did not predict response, PD-L1 expression of $1% on both tumor and inflammatory cells did predict an improved ORR. When both tumor and immune cells had a PD-L1 expression of $1%, there was a 22% ORR vs 1% in those who were negative. 60 Similarly, patients who had higher PD-L1 expression on both tumor and mononuclear inflammatory cells were noted to have a better PFS (P=0.026) and OS (P=0.008), but again this significance was lost when restricted to only tumor cells. Exploratory analysis of PD-L2 and IFN-y signature was found to correlate with clinical response. 59, 60 Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
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Haque et al Pembrolizumab's efficacy has also been tested in patients who have progressed on platinum and cetuximab therapies. KEYNOTE-055 evaluated pembrolizumab at a dose of 200 mg every 3 weeks in 171 patients who were refractory to platinum and cetuximab therapies. PD-L1 expression was defined as $1% in both tumor and mononuclear inflammatory cells, but PD-L1 positivity was not needed to enter the study. 66 The study reported an ORR of 16%, and response rates were similar in both HPV-positive and HPV-negative diseases (16% and 15%, respectively). The median time to response like other studies was 2 months, the median duration of response was 8 months (2+ to 12+ months), and 21 patients still had ongoing responses. PFS and OS was 2.1 and 8 months, respectively, and this did not differ by HPV status. Response rates were also stratified by both 1 and 50% PD-L1 expressions. At PD-L1 expression $1%, the ORR was 18% (12%-25%) vs 12% (2%-30%) in PD-L1-negative patients. Higher PD-L1 expression of $50% resulted in better responses vs those who had ,50% expression, 27% (95% CI, 15%-42%) vs 13% (95% CI, 7%-20%), respectively. 66 It was also well tolerated in this heavily treated patient population with a grade 3-5 AE rate of 16% including one death from pneumonitis.
Pembrolizumab in nasopharyngeal carcinoma
Nasopharyngeal carcinomas are either excluded (eg, EXTREME study) 4 or represent a minority of the population in head and neck trials (eg, only 5% of patients in KEYNOTE-012) and historically have a median OS of 11-18 months with platinum therapy. 67, 68 Given the high percentage of virally driven cancers among nasopharyngeal carcinoma, different biologies compared to smoking-related HNSCC, and different patterns of progression (higher possibility of systemic metastasis in nasopharyngeal cancers), KEYNOTE-028 was conducted specifically to address this population in a multicohort Phase Ib trial. Twenty-seven patients with nasopharyngeal carcinoma were treated with pembrolizumab at 10 mg/kg every 2 weeks for 2 years. 69 Seven patients experienced a partial response, and 14 patients had stable disease with an ORR of 25.9%. Drug-related AEs of any grade occurred in .70% of patients, and most common AEs were fatigue (37%), pruritus (29.6%), nausea (25.9%), pyrexia (25.9%), and myalgia (22.2%). Grade $3 AEs occurred in ~30% patients. At the conclusion of the study, five patients were still receiving pembrolizumab treatment. 69 
PD-L1 expression in HNSCC
Tumor infiltration of lymphocytes with CD4
+ in patients with HNSCC is necessary for antitumor effect from checkpoint inhibitors and may also serve as a prognostic indicator. In one study, PD-L1 expression was described in 39 of the 45 patients with HNSCC and these patients with PD-L1 expression had a lesser degree of intratumoral infiltration of lymphocytes (P=0.047) but expression did not appear to impact survival. 70 It was also observed that degree of peritumoral (CD8 + ) infiltration correlated with lymph node metastasis (P,0.001), tumor size (P=0.003), and clinical stage (P,0.001). 70 In a larger retrospective study of .300 patients, PD-L1 expression in oral squamous cell carcinoma was analyzed for its association with clinical, demographic characteristics, and survival outcomes.
71 PD-L1 expression was analyzed by two pathologists using IHC and was classified as high expression if staining was graded as 2-3. High PD-L1 expression did not have a significant relationship to tumor stage, nodal staging, or pathologic grade. However, female patients were more likely to have a higher PD-L1 expression compared to males (P=0.0062) and those who developed distant metastases also had higher rates of high PD-L1 expression (P=0.0103), which remained significant after multivariate analysis. 71 In larger prospective studies of recurrent and metastatic HNSCC, PD-L1 expression is usually defined by $1% IHC expression in tumor and/or inflammatory cells within stroma based on archival tissue. Based on this definition, 57%-78% of patients are considered PD-L1 positive. 57, 59 In addition to variability in choice of antibodies and definition of positivity, studies are ongoing to address how age of archived tissue and exposure to certain therapies can modify PD-L1 IHC expression.
Clinical and biomarker predictors of response and outcomes
Recent data suggest that lower volume of disease and using pembrolizumab earlier in the course of treatment algorithms results in better responses. One large post hoc analysis of 200 patients demonstrated that patients who had received #2 treatments had higher responses (32% vs 16%) compared to those who received more treatments. 72 This study also showed higher responses in patients with smaller volume of disease compared to those with larger volume of disease. 72 At present, PD-L1 remains the only validated marker for predicting responses to checkpoint inhibitors with higher expression of PD-L1 correlating with better responses. This has been seen in larger trials for HNSCC as well as other malignancies. 59, 60 For example, in CheckMate-141, response rates were stratified by PD-L1 expression $1, $5, and $10% and were 17, 22, and 27.9%, respectively. Patient responses based on PD-L1 expression ,10, ,5, and ,1% were 10, 11, and 12%, respectively. PD-L1 expression $1% also had Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
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Profile of pembrolizumab in the treatment of HNSCC a better median OS than standard therapy, 8.7 vs 4.6 months (HR 0.55; 95% CI, 0.36-0.83), whereas patients with PD-L1 expression ,1% had similar OS to standard therapy, 5.7 vs 5.8 months (HR 0.89; 95% CI, 0.54-1.45). In KEYNOTE-012, patients enrolled into the trial required $1% PD-L1 expression in tumor cells, stroma cells, or inflammatory mononuclear cells and positive expression was associated with best overall response (P=0.010) and PFS (P=0.020). Similarly, in the expansion cohort of KEYNOTE-012 where PD-L1 expression was not needed for enrollment into trial, PD-L1 expression $1% was associated with a 22% ORR vs 1% in those who were negative. The KEYNOTE studies also highlighted that PD-L1 expression on both tumor cells and the TME may predict responses.
Despite the excitement around durable responses seen with pembrolizumab, most patients do not have a clinical benefit from pembrolizumab as response rates remain in the 10%-20% range and, therefore, a better understanding of identifying those who will truly respond to pembrolizumab is needed. A recent study has identified an inflamed phenotype defined by .50% CD8 + infiltration, .50% PD-1/TIM3 expression in the TME, as well as higher NK cell infiltration, 73 and this inflamed phenotype correlated with better outcomes and was also more sensitive to PD-1 inhibitors in comparison to those who did not have this phenotype. 73 An exploratory analysis on KEYNOTE-012 identified six INF-γ regulated gene expressions among responders vs nonresponders to pembrolizumab. 59 All responders in this trial had higher mean expressions of these genes, and this signature had a negative predictive value of 95%, which may potentially identify groups of patients who will not benefit from pembrolizumab treatment. Other studies have suggested higher pretreatment CD8 + T cells, and T-cell receptor oligoclonality may be associated with better outcomes in melanoma patients. 74 It is well known that HPV disease is associated with better outcomes 75 and that HPV-positive disease is biologically distinct from HPV-negative disease. 76 Tumor specimens have also revealed that HPV-positive disease is associated with higher tumor inflammation and PD-L1 expression, 77 but the complex interplay between PD-L1 expression, HPV status, and outcomes is still not clearly defined. The recent results of both the nivolumab and pembrolizumab trials have attempted to untangle this relationship. In the CheckMate-141 study, an exploratory analysis found that HPV-positive disease and/or PD-L1 expression 1% resulted in a greater degree of benefit from nivolumab; however, these interactions were not significant. 57 Furthermore, HPV-positive patients had a longer OS when treated with nivolumab compared to chemotherapy (9.1 vs 4.4 months; HR 0.56; 95% CI, 0.32-0.99). 57 In the KEYNOTE-012 trial, the ORR was higher in patients with HPV-positive disease than with HPV-negative disease (25% vs 14%, respectively). 59 Similarly, the KEYNOTE-12 expansion study revealed an ORR of 32% in HPV-positive disease compared to an ORR of 14% in HPV-negative disease. 60 An improvement in PFS at 6 months was also seen in HPVpositive disease (37% vs 20%) and OS at 6 months also favored HPV-positive disease (70% vs 56%), although this was not statistically significant. 60 It is important to note that while these trials suggest that patients with HPV-positive disease may demonstrate higher magnitude of clinical benefit from immune therapy, these were unplanned analyses and were not powered to detect the significance; hence, more data are needed to validate these outcomes.
It is also important to note that pseudoprogression (caused by T-cell infiltration and an apparent increase in tumor size), which was reported with CTLA-4 inhibitors in melanoma patients, 78, 79 is not a common occurrence in HNSCC. The KEYNOTE-012 only reported one patient who initially had radiographic progression followed by a reduction in tumor size among the 104 patients who were recruited to the trial 59 suggesting that clinicians should exercise caution in patients who are noted to have increasing size in tumors after initiation of pembrolizumab or other PD-1 inhibitors, especially if this is accompanied with worsening clinical symptoms.
Future directions
The exciting development of PD-1 inhibitors in producing durable responses in HNSCC has led to new questions, namely how do we continue to improve magnitude and durability of clinical benefit and how to improve responses in those who are not high PD-L1 expressers? At the moment, pembrolizumab and other PD-1 inhibitors are being trialed with various other modalities including other immunomodulatory drugs, chemotherapy or radiation, or both.
PD-1 inhibitors with other immunemodulating drugs
Based on the single-agent activity of pembrolizumab and other PD-1 inhibitors, there is a strong rationale for combining PD-1 inhibitors with CTLA-4 inhibitors. CTLA-4 is mostly involved in hampering early T-cell activation within lymph nodes, and PD-1 is mostly responsible in the later stages of limiting T-cell function within tissue. 80 CTLA-4 inhibitors were the first checkpoint inhibitors to demonstrate clinical efficacy in large clinical trials. Preclinical work has shown that dual blockade led to more T-cell proliferation, increased production of cytokines, and better Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
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Haque et al tumor regression. 81 Importantly, this combination has already been tested in melanoma patients and has been approved by the FDA. While there are no large trials currently involving pembrolizumab and CTLA-4 inhibitors, there are several other late phase trials involving other PD-1/PD-L1 inhibitors in combination with CTLA-4 inhibitors. CONDOR (NCT02319044) is a randomized Phase II study evaluating this combination specifically in PD-L1-negative disease, and this is based on Phase I data in lung cancer, which showed a response rate of 29% in tumors that were PD-L1 negative. 82 This study randomizes PD-L1-negative patients to one of the following three arms: combined PD-L1 (durvalumab)/ CTLA-4 (tremelimumab) inhibitor, monotherapy with PD-L1 inhibitor, and monotherapy with CTLA-4 inhibitor. Another ongoing randomized study addressing this combination is EAGLE (NCT02369874), which is a confirmatory trial in both PD-L1-positive and -negative patients who have progressed on platinum therapy. This study, similar to the frontline randomized study, is a three-arm trial randomizing patients to the combination of PD-L1/CTLA-4 inhibitor vs PD-L1 inhibitor alone vs standard of care chemotherapy.
KESTREL (NCT02551159) is a three-arm, Phase III randomized open-label study in first-line treatment of recurrent/ metastatic HNSCC comparing durvalumab (PD-L1 inhibitor) with tremelimumab (CTLA-4 inhibitor) combination (arm 1) to standard of care treatment with chemotherapy (arm 2) to single-agent durvalumab (arm 3). This study also includes both PD-L1 positive and negative patients. Similarly, CheckMate-651 (NCT02741570) is evaluating nivolumab and ipilimumab in the first-line setting and CheckMate-714 (NCT02823574) is randomizing the same population to receive either nivolumab and ipilimumab combination or nivolumab/placebo. However, PD-1 inhibitors and CTLA-4 inhibitors have previously demonstrated concerns for added toxicity as seen in the melanoma patients with a grade 3 or 4 AE rate of 55% 83 compared to 16% for single-agent PD-1 inhibitors and 27% for CTLA-4 inhibitors. 83 This would need to be closely monitored in HNSCC patients as they often have significant smoking and age-related comorbidities.
PD-1 inhibitors are also being combined with other checkpoint receptors including LAG3 and killer-cell immunoglobulin receptors (KIRs). LAG3 enhances function of Tregs and prevents CD8
+ T-cell activation and is expressed along with PD-1 on exhausted T cells. 84 KIRs are expressed by NK cells, interact with MHC1, and reduce NK-cell activity. 85 Phase I trials are ongoing with both anti-KIR (NCT01714739) and anti-LAG3 (NCT01968109) antibodies in combination with PD-1 inhibitors in solid tumors including HNSCC.
CTLA-4 inhibitors are being combined with other immune-modulating drugs. Enoblituzumab, a humanized monoclonal antibody directed against CD276 (part of B7-H3 family of negative checkpoint receptors on APCs), is currently being combined with ipilimumab in HNSCC and other solid tumors expressing B7-H3 (NCT01860430 and NCT01935921). Ipilimumab is also being combined with radiation and cetuximab in HPV-positive locally advanced disease (NCT01935921).
PD-1 inhibitors in combination with traditional oncological therapies
Chemotherapy is effective at cancer cell death, but durable responses are not often seen with historical cytotoxic therapy. The advent of immunotherapy has led to a better understanding of the relationship between the immune system and cell death as a result of chemotherapy and radiation therapy. Cytotoxic or radiation regimens that result in cancer cell death can ignite immune responses through a process called immunogenic cell death. This process is associated with calreticulin expression on dying cells, increase in TAAs that are presented to APCs, and release of high mobility group box 1 (HMGB1). 86 In addition, surviving tumor cells undergo changes that make these cells more amenable to immunemediated cell death by reducing expression of survival genes and alterations in the antigen-processing machinery. 86 Radiation therapy has also been associated with abscopal effects, namely increasing T-cell infiltration into the TME, increased TAA presentation, and secretion of cytokines. These changes provide a biological rationale for combining traditional chemotherapy and immunotherapy to further augment the immune-mediated cell death. A number of clinical trials are ongoing combining both chemotherapy and radiation with pembrolizumab and other PD-1 inhibitors (Table 1) .
PD-1 inhibitors in combination with
DNA repair and transcription-modulating agents
PARP inhibitors
PARP is involved in several forms of DNA repair (including single strand, double strand, and base excision repair) and is considered as an important survival pathway for cancer cells. 87, 88 This has led to the development of a number of PARP inhibitors that are currently approved in BRCA-positive ovarian cancer and is also being evaluated in a number of malignancies with DNA repair defects.
Although germline mutations in DNA repair pathways are not commonly associated with head and neck cancers, Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
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Profile of pembrolizumab in the treatment of HNSCC somatic mutations and alterations in pathways related to DNA repair are commonly seen in different subsites of HNSCC. 7, 89 Preclinical data suggest increased response to PARP inhibition in head and neck cancers with a defect in DNA repair pathways 90 and activity in squamous cell cancer of the lung after platinum exposure and resistance. 91 Furthermore, some studies suggest that HPV-positive tumors appear to have an increased sensitivity to PARP inhibitors. 92 PARP is also involved in inflammatory responses, by regulating the immunosuppressive effects of Tregs. 93 As a result of these properties, the combination of PARP inhibitors and PD-1 inhibitors remains an area of interest in malignancies that harbor DNA repair defects such as prostate cancer (NCT02861573) but would also provide a biological rationale in HNSCC.
PD-1 inhibitors with histone de-acetylase (HDAC) inhibitors
HDAC removes the acetyl groups, causing hypoacetylation of histones, which in turn results in a condensed chromatin structure and suppression of gene transcription. HDAC inhibitors cause accumulation of acetyl groups on the histone lysine, allowing open chromatin structure and transcriptional activation and gene expression. HDAC inhibitors can cause tumor cell growth arrest, apoptosis, inhibit growth of tumors, and are widely used in a variety of malignancies.
Epigenetic modulation by HDAC inhibitors has also been identified to have potential immunomodulatory activity. Studies have shown that HDAC inhibitors increase the expression of MHC 94 and costimulatory molecules 95 as well as augment INF-γ production 96 and promote CTL-mediated tumor death. 94 Preclinical tumor models have also shown that combining HDAC inhibitors with immune-modulating drugs inhibited Treg activity, improved APCs functionality, and potentiated proliferation and survival of CTLs resulting in enhanced antitumor immune response. 97, 98 In addition, leukemia cell lines treated with epigenetic agents led to upregulation of PD-L1, PD-L2, and CTLA-4 expressions and may be a reason for developing resistance to these drugs. 99 These unique properties of HDAC inhibitors have led to clinical trials involving vorinostat and pembrolizumab in lung cancer, renal cell cancer, as well as HNSCC and salivary gland tumors (NCT02538510). 57, 59, 60 The ability of these drugs to induce durable responses with manageable toxicities in this patient group represents an exciting development in the field of head and neck oncology.
There are a number of issues that need to be addressed, namely how benefits of these drugs should be measured. Response rate has been a valid historical end point in recurrent and metastatic trials; however, it may not be the best end point for immune-modulating studies. In regard to pembrolizumab, improved response led to approval of the drug 59, 60, 66 and, while response rates were much better than the 3%-13% historical rates with single-agent chemotherapy, response rate with single-agent PD-1 inhibitor remains relatively low (10%-20%). 57, 59, 60 Although not all patients respond to these drugs (unlike conventional cytotoxic therapy where duration of response is generally short lived), these immunemodulating drugs can produce long durable responses in many responders and, therefore, skew PFS measurements. 57 For example, in the KEYNOTE-012 study, the median duration of response was 53 weeks 59 and, in the expansion cohort study, it was not reached and a number of patients still had ongoing responses at the completion of each of the trials. 60 If response is of interest in design of future trials, it is important to consider durability of response in addition to response rate as a primary end point.
Nivolumab is the only checkpoint inhibitor to this date that has randomized data reported demonstrating OS benefit in HNSCC. Although median survival in this study was relatively short (median 7.5 months vs 5.1 months in the chemotherapy arm), it is important to remember that the patient population was a high-risk group of pretreated patients who progressed shortly after platinum. More impressively, review of Kaplan-Meier curves reveals a suggestion of "tail" in the nivolumab curve and a small group of long-term survivors. The 1-year estimate of survival in this study was clearly in favor of nivolumab (36.0% vs 16.6% in the chemotherapy arm), was nearly doubled, and was similar to survivals that were historically achieved in the first-line untreated patients. Perhaps arguing percentage of long-term survivors is a more valid end point than median survival time.
Interestingly, the survival advantage in this study was achieved in light of no statistically significant PFS benefit (median 2.0 vs 2.3 months for nivolumab vs chemotherapy) 57 suggesting that some patients still benefit from nivolumab, despite lack of radiographic response. Therefore it remains imperative that OS should remain as the gold standard to measure effectiveness of these drugs regardless of the impressive response rates.
In light of improving clinical efficacy, the need to identify a predictive biomarker remains a significant challenge. Currently, PD-L1 expression on tumor cells is the only marker that has been commonly reported. However, it is well known that a small group of patients who have low PD-L1 expression can still respond to pembrolizumab and, while reasons for this remain unclear, an emerging concept of dynamic PD-L1 expression in the evolution of a malignancy 86 may in some part explain this phenomenon. This can be seen in the CheckMate-141 study where patients with ,1% PD-L1 expression still had a 12% ORR 57 when treated with nivolumab and in the KEYNOTE-012 study where there was an ORR of 4% in patients with PD-L1 expression ,1%. 60 In addition, an inflammatory gene signature that includes expression of INF-γ has shown impressive rates of predicting nonresponders treated with pembrolizumab in both HNSCC 59 and melanoma patients, 100 but larger datasets are needed to further validate this signature.
Another important development is identifying rational combinations that can improve clinical benefit especially in those who are low PD-L1 expressers. A number of new checkpoint drugs are in development or are in early trials with pembrolizumab, and the results of these trials are eagerly anticipated. Furthermore, a number of clinical trials involving chemotherapy and radiation with pembrolizumab are currently ongoing in patients with early-stage HNSCC with the rationale of increasing neoantigen presentation and increasing PD-L1 expression and, therefore, improving outcomes.
Conclusion
The advent of PD-1 immunotherapy has led to new and exciting times for patients with recurrent/metastatic HNSCC with significantly improved outcomes compared to chemotherapy or epidermal growth factor inhibitor treatment. However, response rates remain low in the 10%-20% range across various checkpoint inhibitors and a better understanding of resistance mechanisms is needed to improve responses. PD-L1 expression is an extensively studied biomarker that suggests some correlation with response as high expressers demonstrate better responses compared to patients with low PD-L1 expression. However, there are reports of patients who are high PD-L1 expressers who do not respond and, conversely, patients with low PD-L1 expression can have robust responses to anti-PD-1 therapy, suggesting that Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
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Profile of pembrolizumab in the treatment of HNSCC PD-L1 expression at this time should not be used for making treatment decisions in HNSCC, but instead as a biomarker that needs to be further validated through studies and as a guidance for the design of future trials. It is also not clear if a radiographic response is required to drive long-term survival benefit from these treatments and whether maximizing response will translate into durable survival. As a result, more accurate biomarkers are needed that can better predict outcome, increase sensitivity of tumor cells to checkpoint inhibitors, and assist in design of a future wave of studies. Currently, there are a number of trials underway using novel combinations with chemotherapy, radiation and other checkpoint inhibitors or DNA-modulating agents to help improve responses and outcomes in HNSCC.
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